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a  b  s  t  r  a  c  t
Given  their  small  size,  isolation  and  unpredictability,  temporary  rockpools  present  high  environmental
stress  and  impoverished  communities  of  species  that  have  adapted  to  such  stressful  conditions.  Special
adaptations  of  the invertebrates  living  in  these  habitats  include  tolerance  to  desiccation  and  fast  onto-
genetic  development  in order  to  maintain  stable  populations  and  face  high  risk  of  extinction.  Dozens
of  small  rockpools  (mostly  with  Ø  <  1  m)  can  be found  in  east  Spain  on  limestone  substrate,  where the
only known  Iberian  populations  of  Heterocypris  bosniaca  Petkovski  et  al. (2000),  an  ostracod  species  with
geographic  parthenogenesis,  have  been  recently  found.  In  this  survey,  two of these  rockpools  have  been
monitored  during  the  main  hydroperiod  between  the  fall  of  2005  and  summer  2006  to  test  the  ability
of  H. bosniaca  parthenogenetic  populations  to face  unpredictable  hydroperiod  dynamics.  Pools  were  vis-
ited weekly,  and  limnological  data  and  ostracod  samples  were  obtained  from  either  water  or  substrate
in  dry  periods.  Ostracod  individuals  were  counted  and  assigned  to  growth  instars  to monitor  popula-
tion  changes.  In the  laboratory,  experimental  cultures  allowed  the  estimation  of  survival  dependence
on  the  substrate  desiccation  rate.  Throughout  the  hydrological  cycle  studied,  several  hatching  periods
were observed,  usually  preceded  by  desiccation,  followed  by substrate  hydration  and  water  dilution  by
rain.  The  demographic  changes  observed  indicate  that H.  bosniaca  populations  are  able  to persist  in  inter-
mittently  inundated  environments  and  produce  several  generations  per annual  hydrological  cycle. In
addition,  adult  individuals  were  able  to  survive  in  the wet  mud  of dry pools  for longer  than  ﬁve weeks.
The experimental  data  suggest  a  lower  average  survival  time  when  exposed  to  desiccation  processes,  and
that  the  velocity  of  substrate  water  loss  is  a determining  factor  for  the  survival  rate  of  ostracods  resisting
dry  events  in  temporary  ponds.  As shown  by ostracods’  life  histories  in  temporary  aquatic  environments
undergoing  unpredictable  desiccation  events,  a combined  strategy  of  adult tolerance  to  short  periods  of
water  scarcity  and  rapid  hatching  from  resting  egg  banks  can  be  advantageous  for the  monopolization  of
bitatsmall-sized  ephemeral  ha
ntroduction
Temporary pools are small-sized systems with particular envi-
onmental traits and functioning dynamics compared to other
ater bodies like lakes or rivers (Williams et al. 2003; Declerck
t al. 2006). Although they are small, their special ecological setting
elps them contribute signiﬁcantly to regional biodiversity as they
sually harbor taxa that are uncommon in other habitats (Eitam
t al. 2004; Scheffer and van Geest 2006). The small areas of tempo-
ary pools involve high vulnerability to environmental degradation
nd local hydrological changes (Nicolet et al. 2004), resulting in
mpoverished communities which encompass species adapted to
he particularly stressing conditions there (Bayly 1997). Despite
he scientiﬁc interest shown in temporary pools, their functioning
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is poorly known, although they are recognized as being very valu-
able water bodies for biodiversity conservation. Furthermore, they
provide stepping stones for the spread of aquatic species among
larger water bodies (Oertli et al. 2002; Nicolet et al. 2004).
The shorter the inundation period, the poorer the species rich-
ness of temporary pools (Jocque et al. 2007). This is because
extinction due to pool drying greatly affects community structure
(Eitam et al. 2004). Despite this pattern, species respond individ-
ually to the environmental conditions in these habitats (Jeffries
2003). Particular adaptations to life in temporary environments
include migration to other habitats during the dry season or the
survival during this period in arrested physiological stages, chieﬂy
as dormant eggs (Wiggins et al. 1980; Wissinger 1999). Apart from
these traits, a fast developmental rate is essential in short hydrope-
riod pools (Boven 2009; Jocque et al. 2010), and egg bank formation
and erratic hatching are essential to help avoid extinction locally
(Williams 1998).
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yFig. 1. (a) Location of the sampling area in the Valencian region of Spa
On the limestone rocky substrate of the Mediterranean shrub-
ands of Racó de Rius (east Spain), we found 119 rainy rockpools
ver an area covering 65 ha. Of these, 35 harbor asexual popula-
ions of the ostracod crustacean Heterocypris bosniaca Petkowski
t al. (2000) (Aguilar-Alberola and Mezquita 2008a),  which was
ecently discovered in the Iberian Peninsula (Aguilar-Alberola and
ezquita 2005, 2008b). In 2004, we carried out initial sampling
ampaigns and selected two rockpools to start a monitoring survey
n H. bosniaca populations (Aguilar-Alberola and Mezquita 2008b).
urprisingly by the end of the hydroperiod we observed many indi-
iduals living in these rockpools which were already dry. They were
rouped in compact packs below a mixture of pine needles and mud
ubstrate, which shows an adaptive behavior in response to desic-
ation (Williams 2006). Shortly after rehydrating a small sample
f the substrate from these pools, hundreds of actively swimming
stracods could be seen. This amazing capacity to tolerate desicca-
ion in mud  may  prove extremely beneﬁcial to ostracods and other
nvertebrates living in such ephemeral and unpredictable environ-
ents (Delorme and Donald 1969; Williams 2006).
In order to understand how H. bosniaca population dynamics
espond to short-term environmental changes that have a great
mpact on rockpools (e.g., rain, temperature variability, desicca-
ion), we initiated a full hydroperiod, high-resolution monitoring
rogram which commenced after the summer of 2005 when all
he previously studied ponds had been dry over a long period. In
ddition to ﬁeld information, our aim was to test tolerance to the
educing water content in the substrate and the effect of the veloc-
ty of desiccation on the ostracod survival rate under controlled
aboratory conditions, which could potentially allow us to decipher
ow some invertebrates can withstand repeated short desiccation
vents in small temporary pools.
ethods
ield sampling
The two studied rockpools, X1 and X6, are located in a lime-
tone mountain area with Mediterranean shrublands in Rafelguaraf
Spain), and are separated by a distance of approximately 210 m
Fig. 1). Both pools dry up in summer for several months, and in dry
ears, they probably have a very short hydroperiod. The two pools aerial view of the sampling area and detail of the two sampled pools.
differ in size as X1 is smaller (32 cm × 59 cm max. diameter, and
max. depth of 13 cm)  than X6 (92 cm × 120 cm,  max. depth 20 cm),
in illumination terms, and in some hydrochemistry and hydrope-
riod aspects (Aguilar-Alberola and Mezquita 2008b). The organic
substrate in rockpool X1 accumulates pine needles, while ﬁg (Ficus
carica) leaves are dominant in X6, which also harbors an anostra-
can, Branchipus schafferi, population. A previous work showed that
the dominant ostracod species in these pools, H. bosniaca, has a
relatively short life cycle in these environments (Aguilar-Alberola
and Mezquita 2008b), similarly to that of Heterocypris incongru-
ens (Latifa 1987). In this work, we once again found high density
populations of this species, demonstrating that H. bosniaca has
established stable populations in the study area. Aguilar-Alberola
and Mezquita (2008b) discuss these and other initial observations
on the hydrological cycle of these pools and the dynamics of their
H. bosniaca populations.
In order to study a whole inundation period, we  waited for a
signiﬁcant rainy event that would ﬁll rockpools X1 and X6 (which
had been dry since January 2005), and this event took place after
summer 2005. We  started sampling on the day immediately after
the event, this being 18/09/05. From this date onward, we  sampled
both ponds weekly, even if they were dry (i.e., without free water)
until no living individuals were observed. The sampling campaign
lasted 30 weeks and ended on 9/04/06. When free water was avail-
able, we measured water temperature, electric conductivity and
pH using a Hanna Instruments® portable probe, and oxygen con-
tent with a WTW® oxymeter. At the same time, a water sample
was  obtained in a PE bottle to analyze chloride concentration and
alkalinity using standardized volumetric tests (Aquamerck® kits
1.11106.0001 and 1.11109.0001, respectively). If no free water was
present, none of these variables were measured. Daily information
on maximum and minimum air temperatures and precipitation was
obtained from the data available online on the Spanish Ministry
of the Natural, Rural and Marine Environment’s web site (2008)
from the nearest meteorological observatory located in Carcaixent,
Valencia. The ﬁeld sampling area and the meteorological observa-
tory are 8.6 km apart, and both sites belong to the same climatic
region (Pérez 1994). Therefore, no major differences in precipita-
tion and temperature patterns are expected.
Ostracod samples were collected with a 100 mL,  5 cm Ø PE bot-
tle which was  directly introduced into the water of the pool and
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Fig. 2. Precipitation (bars) and air temperature range (grey ﬁlled area) in the
weather observatory of Carcaixent during the study period. The water tempera-50 J.A. Aguilar-Alberola, F. Mesquita-J
wept over the substrate and pool wall through an approximately
5-cm long transect. This method allowed us to sample enough
ndividuals given the high densities of H. bosniaca in these pools,
nd was preferred to other alternatives because of the heteroge-
eous morphometry and small size of these systems. The obtained
amples were preserved in 30% ethanol in the ﬁeld and the preser-
ative concentration was increased to 70% a few hours later. When
onds were dry, approximately half a bottle (100 mL,  5 cm Ø PE)
as ﬁlled with substrate (mainly organic plant matter and mud)
hich was immediately ﬁlled completely with deionized water.
n this way, living ostracods were seen swimming in the water
olumn after only a few minutes. Half an hour later, the sample
as preserved with increasing ethanol concentrations (15%, 30%
nd 70%) through progressive 1-h steps to facilitate the ﬁxation of
iving ostracods with their valves wide open. This position allows
asier differentiation by comparing the soft part remains of the liv-
ng individuals caught in the samples from those already dead upon
ollection. We  also collected ﬁve more similar substrate samples to
e kept in hermetically sealed plastic bags until arrival at the labo-
atory where they were weighed and dried (under conditions close
o natural drying: 30 ◦C, 120 h), and weighed again to calculate the
ercentage of water content in the substrate. The ostracod individ-
als collected in the samples were sorted and handpicked in the
aboratory under a stereomicroscope. In each case, all individuals
ere assigned to belong to any of the 9 growth instars (A-8 to Adult)
nd were counted. To achieve this task with greater precision, at
east 20 individuals per growth instar were initially measured with
 minimum resolution of 20 m.
esiccation tolerance experiment
In order to evaluate the inﬂuence of substrate humidity on the
urvival of ostracods undergoing a desiccation process in their habi-
at, we carried out laboratory cultures with ostracods under two
xperimental treatments, fast and slow desiccation rates, in addi-
ion to a control group with no water loss. Cultures were placed in
0 mL  PE bottles which were ﬁlled with 2.5 g of dry substrate from
6, plus 9.8 g of deionized water. In this experimental study, we
sed only individuals and substrates from pond X6 because it con-
ained sufﬁcient substrate. Pond X1 contained a smaller amount of
ubstrate, which had been partly sampled already in the population
ynamics study. So we decided to not use more bottom samples
rom this site to avoid major negative effects on its established com-
unity. A small amount (approx. 0.01 g) of dried Spirulina sp. was
dded as food at the beginning of the experiment following Schmit
t al. (2007),  and no more food was added subsequently. When the
ubstrate was fully hydrated, 10 individuals (9 adult females + 1 A-1
uvenile, all from X6) were added to the bottle. In total, 110 bot-
les made up the two treatments groups, each with 10 ostracods
lus substrate and water. The 110 bottles were initially (starting
n 18/5/2007) kept open at room temperature (21.5 ± 1.2 ◦C) for
ve days to lose water through evaporation at a similar rate until
he water level reached the substrate level. As from day 6, the
ottles were separated to form two groups of 55 replicates, and
ach group was arranged separately to follow a different desicca-
ion rate: one of the groups was left exposed to air as before (the
ast Desiccation Group: FD), while the other was covered with a
icroperforated transparent plastic lamina (the Slow Desiccation
roup: SD). Daily control of weight loss per bottle allowed compar-
sons to be made with the ﬁeld data in order to adjust the SD group
o follow a desiccation rate as close as possible to that observed in
he ﬁeld. Periodically, and starting on day 6, ﬁve randomly selected
ottles per treatment group were rehydrated with deionized water
allowing a maximum of 11 of these periodical rehydrations per
reatment) to check the number of surviving individuals. Initially
or the SD group, rehydration selection took place every 5 days,tures for rockpools X1 (continuous line) and X6 (dotted line) are also shown for the
sampling periods when free water was available.
later on every day, and ﬁnally every 12 h. Initially, this periodicity
was every 1–2 days for the FD group to ﬁnally become every 12 h.
The experimental control group, i.e., without desiccation (ND),
was  composed of 20 bottles; 10 with substrate, which were pre-
pared in the same way as the experimental treatment groups
as explained above, and 10 without substrate to check potential
effects on survival. All these bottles were kept under the same
conditions as groups FD and SD, but were periodically ﬁlled with
deionized water to avoid signiﬁcant water loss. The number of
swimming ostracod individuals was checked daily by visual inspec-
tion.
The relationship between substrate water content and desicca-
tion time for both the ﬁeld and laboratory data was  analyzed by
linear regression. The comparison between the treatment slopes of
this relationship was made using a general linear model with treat-
ment taken as the ﬁxed factor. We  used Cox regression to check the
effects of the different desiccation rates on ostracod survival and to
test the hypothesis that faster desiccation may  increase mortality
rates. This type of survival analysis allows the use of predictor vari-
ables, which can be continuous and even time-dependent (Hosmer
and Lemeshow 1999; Norusis 2004). In our case, the water con-
tent in the sediment was  a time-dependent predictor variable.
We used the SPSS software, v. 14.0, for all statistical analyses
(Norusis 2004).
Results
Habitat changes
Between the fall of 2005 and spring 2006, the two studied rock-
pools presented different hydroperiod dynamics (Fig. 2). After they
ﬁlled in September 2005, both dried (no free water column) four
weeks later to remain in this state for four additional weeks. Then
both were reﬁlled in November and X1 dried again on two  occa-
sions, December 2005 and February 2006, to remain dry for two
and one week(s), respectively; X6 dried only once in December
2005, and this dry period lasted one week. Finally, X1 dried two
weeks earlier than X6 in March, but both remained dry until the
next rainy period in the fall (data not shown).No major differences in the physico-chemical aquatic envi-
ronment between the two  studied pools were noted. The water
temperature in both ponds remained low (around 10 ◦C) in winter
(Fig. 2), but X1 presented slightly higher values than X6 in the fall.
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Table 2
Average and standard deviation of carapace length data for each developmental
instar of H. bosniaca collected in rockpools X1 and X6 (pooled together) throughout
the study period.
Instar Carapace length (mm) N
A 1.39 ± 0.06 777
A-1 1.05 ± 0.06 1069
A-2  0.77 ± 0.05 1281
A-3  0.59 ± 0.04 871
A-4  0.45 ± 0.03 677
A-5 0.36 ±  0.02 664
A-6 0.30 ±  0.01 654ig. 3. Water abiotic parameters measured in rockpools X1 (grey line) and X6 (black
ashed line).
onductivity, chloride concentration and alkalinity (Fig. 3) changed
n accordance with the hydroperiod; when they dried, the values of
hese parameters increased. The minimum electrical conductivity
alues recorded (183 and 244 S/cm in X1 and X6, respectively)
orresponded to sampling periods after rain events, whereas the
aximum values (851 and 848 S/cm for X1 and X6, respectively)
ere recorded at the end of the study period. The pH did not ﬂuctu-
te considerably, although a slight trend toward more acidic values
from a maximum of 8.3 to a minimum of 6.7 in X1) was recorded at
he end of the sampling period. Oxygen levels showed no clear pat-
ern throughout the study cycle, and only a slight gradual decrease
as observed at the end of the period to reach very low values in
ockpool X6.
Table 1 shows the substrate water content (water
eight/substrate dry weight) on the sampling dates when no
ree water column was present. In the ﬁrst dry period, both pools
ehaved similarly in terms of substrate water content: they lost
ater in the ﬁrst two weeks, but became wetter in the third weekwhich coincided with a rainy day, Fig. 2). Finally, they lost water
gain in the last week of this dry period. Toward the end of the
ydrological cycle, both pools gradually lost their water content,
able 1
verage and standard deviation (5 replicates) of substrate water content (weight of
ater/weight of dry substrate) for the ﬁeld samples taken in rockpools X1 and X6
hen no free water column was available.
Date Substrate water content
X1 X6
16/10/2005 2.433 ± 0.368 2.577 ± 0.306
23/10/2005 1.260 ± 0.310 1.537 ± 0.195
30/10/2005 1.840 ± 0.370 1.853 ± 0.366
06/11/2005 1.235 ± 0.312 1.651 ± 0.168
11/12/2005 2.903 ± 0.465
18/12/2005 1.904 ± 0.254 2.945 ± 0.602
19/02/2006 2.005 ± 0.345
12/03/2006 2.610 ± 0.380
19/03/2006 1.669 ± 0.069
26/03/2006 1.238 ± 0.228 2.222 ± 0.381
02/04/2006 0.476 ± 0.023 1.685 ± 0.023
09/04/2006 0.292 ± 0.108 1.170 ± 0.298A-7 0.25 ± 0.01 712
A-8  0.21 ± 0.01 281
and a minimum measured value of 0.29 was  recorded in rockpool
X1.
Population dynamics
In general, good discrimination and low overlapping are noted
among instar sizes in H. bosniaca (Table 2) which, together with
shape differences, allowed an analysis of changes in population
structure over time. The temporal changes in the relative abun-
dances of different H. bosniaca growth instars are shown in Fig. 4
for both the studied rockpools. At the beginning of the hydrolog-
ical cycle, the relative abundance of the largest sized instars in
both rockpools quickly rose, reaching the maturity in about 21
days at 19 ◦C (average of daily mean temperature from 11/9/2005
to 9/10/2005). The individuals in X6 developed more uniformly.
Regarding each sampling date, most correspond to instars that are
close in size; consequently after the third study week, the popula-
tion was  dominated by adult females (males were never observed
in the area, as in previous studies). In rockpool X1, the growth pat-
tern did not advance as sharply as in X6 because a delayed second
hatching period occurred at this site (at c. 2/10/05), whose further
development led to a wider distribution of size-class dominances.
The ﬁrst desiccation phase (4 weeks in October–November
2005) was the longest when ostracod individuals, mainly adults,
were able to survive in the substrate for such a long period. At the
mid-stage of this long desiccation period, a massive egg hatching
coincided with the highest relative percentage of the ﬁrst instar
juveniles (A-8), which were very rare in the remaining sampling
dates. Immediately after rainy events in early November, which
reﬁlled the pools, a similar instar growth pattern to that observed
before the dry period was recorded. However, the growth rate then
became slower if compared to the previous main cohort as signif-
icant numbers of adults were not detected until 63 days later for
pool X6 (the average of daily mean air temperature for these days
was  9.3 ◦C) or 105 days in pool X1 (with an average temperature of
8.5 ◦C). During this second major wet  period, both pools dried again
once (X6) or twice (X1), but these were short-duration desiccation
events which lasted no longer than two weeks. By the end of this
major wet period when no free water was present in X1 (mid-March
06) and X6 (end of March 06), the wet substrate samples collected
still harbored (mainly adult) living ostracods for a few weeks.
Although our sampling method was not strictly quantitative,
the data presented for the individuals collected per sample in Fig. 4
indicate that densities were sometimes very high, attaining a max-
imum of 5003 individuals sampled on 22/01/2006 in X1 (with
an approximate density of 67 ind. cm−2). In general, we always
collected a larger number of ostracods in X1 than in X6. At the
beginning of the sampling period, maximum numbers were of a
few hundred per sample, falling to a few tens when the rockpools
were dry. However, densities were of several thousands in X1 after
it reﬁlled in winter.
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evelopmental instar (Y axis) from the ﬁrst juvenile instar (A-8) to the adult one (A)
ry  (no free water column). The total number of individuals per sample is indicated
xperiments on desiccation resistance
Fig. 5 depicts the substrate water content changes over time
easured in X1 and X6 with both the ﬁeld and experimental
reatments. The slope corresponding to water loss during the FD
reatment was kept as close as possible to the initial slope when
ree water evaporated from the water column. On the other hand,
he regression slope for bottles undergoing the SD treatment
hanged from −0.2 to −0.1 at the point at which the water level
eached the substrate level. This change in slope was  kept as close
s possible to the natural water loss rate observed in the substrate
amples collected in the ﬁeld during desiccation processes. The
ig. 5. Change in substrate water content (water weight/dry substrate weight) over time
uring  the natural desiccation process for the two studied rockpools, X1 and X6 (dotted lver an annual cycle. The bubble size represents the relative abundance of each
ch sample. The ﬁlled vertical rectangles indicate periods when the rockpools were
e top of each graph.
linear regression equations adjusted to the data are shown at
Table 3. Despite a certain variability observed in the water loss
slopes in the laboratory cultures, the slopes of the two  treatments
(FD, SD) differed signiﬁcantly (F = 2475, p < 0.01). The slope of the
regression line for water loss with time for the SD treatment was
close to the slope calculated for the ﬁeld data (for either X1 or X6).
However, it differed signiﬁcantly from the last two  values (F = 19.8;
F = 175.5, respectively, p < 0.01 in both cases).Ostracod survival during the experiment (Fig. 6) was similar
for the two  control treatments (no desiccation), with or without
substrate, and no signiﬁcant differences were noted between both
groups. However, differences were seen between the SD and FD
 during the desiccation experiment for the two  treatments (continuous lines) and
ines). The arrow indicates the beginning of the two different treatments.
J.A. Aguilar-Alberola, F. Mesquita-Joanes
Table  3
Linear regression equations for the relationship between water content and time,
adjusted to the data obtained since no free water column was available in the exper-
imental cultures (FD: fast desiccation, SL: slow desiccation) or in the ﬁeld (pools X1
and X6).
Group Linear regression equation R2 p-value
FD W = 2.707–0.206t 0.954 p < 0.01
SD  W = 2.664–0.100t 0.953 p < 0.01
X1  W = 2.506–0.083t 0.915 p < 0.01
X6  W = 2.293–0.075t 0.747 p < 0.01
W = water content (water weight/dry substrate weight), t = time (days).
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sig. 6. Survival function for the control (dotted lines) and the desiccation (continu-
us  lines) experimental ostracod groups.
esiccation treatments and also with the control groups. The Cox
egression survival analysis performed with the time-dependent
ariables shows that time, substrate water content and interaction
ll signiﬁcantly affect survival. Indeed, survival lowers with time
age effect), but increases with higher substrate water contents. In
ddition, survival also lowers with a higher water loss rate. There-
ore, the highest survival in desiccation treatments was observed
or the highest substrate water content and the lowest water loss
ates (SD treatment) where ostracods can survive for 17 days, as
pposed to a survival of 14.5 days (the maximum observed) with
he FD treatment.
iscussion
The two temporary rockpools studied are very similar in terms
f the physical and chemical properties of their water despite
heir differences in size, illumination and surrounding vegeta-
ion. Hydroperiod variability is the most important difference
oted between them in terms of effects on system functioning,
hich clearly derives from differences in pool size (surface area,
epth) (Hulsmans et al. 2008). Increased conductivity, chloride
ontent and alkalinity recorded toward the end of wet  periods
re caused by evaporation, whereas dilution occurs after rain, and
hese factors vastly affect small temporary pools like those stud-
ed herein (Williams 2006). The progressive lowering of pH during
he hydroperiod is probably due to leaf litter decomposition, humic
cid and tannins production (Bonner et al. 1997), reduced O2 photo-
ynthetic production, plus the dominance of respiration processes. / Limnologica 41 (2011) 348– 355 353
Dark-colored water is more typical of X6, which received a higher
input of plant material, not only pine needles, but also big F. carica
leaves, which decomposed faster than pine remains.
Unlike other studies that reveal a clear succession of dominant
invertebrates in temporary ponds (e.g., Lahr et al. 1999), includ-
ing ostracod species (McLay 1978), the only dominant ostracod
species found throughout the study period in both X1 and X6 was H.
bosniaca. The densities of this dominant species differed between
the two studied sites, and the higher density was recorded in the
smaller rockpool (X1). This may  be due to the physical substrate
structure as the bottom of X1 was  totally covered with a dense mat
of pine needles that notably increased the available surface for ben-
thic ostracod oviposition and protection. Although the ﬁg leaves
in X6 initially provided increased available surface, they rapidly
decomposed unlike pine needles. Another possible negative effect
of the presence of ﬁg leaves on ostracod density could relate to the
release of chemicals into the water by these leaves.
The presence of H. bosniaca in these temporary environments
indicates its ability to produce desiccation-resistant eggs, which is
also the case with many other crustaceans (Alekseev 2007), and is
particularly common in ostracods of the genus Heterocypris (Meisch
2000). These crustaceans keep a propagule egg bank in the sub-
strate when pools dry (Wissinger 1999), and individuals can remain
in this arrested state for several months until the next rain period
arrives (Geiger 1998; Bilton et al. 2001). Most H. bosniaca hatch-
ing events occurred after the rockpool ﬁlled, but some others were
detected during wet periods. This suggests that this species can
also produce subitaneous eggs, similar to its congeneric cosmopoli-
tan species H. incongruens (Angell and Hancock 1989). However as
observed in X6 on 12/02/2006, hatching events during wet periods
mainly take place after some minor rainfall. It is therefore likely
that pool water dilution acts as a hatching stimulus in H. bosniaca,
as it does in other invertebrates (Bonner et al. 1997). In this sense, it
is remarkable to observe a massive hatching event inside the sub-
strate after heavy rainfall in late October, although no free water
was  present in the pools.
With the studied population cycle, we  observe how the indi-
vidual development rate varied among different cohorts. At the
beginning of the study period (late summer-early fall) with high
temperatures, it was much faster than in the cohorts that devel-
oped in late fall or winter months with low temperatures. As with
other ostracods from temporary pools (Ganning 1971; Latifa 1987),
temperature is a key factor for the development rate. The time
needed by H. incongruens to complete development in lab cultures
was  18 days at 20 ◦C (Latifa 1987), very close to the 21 days at 19 ◦C
observed during the ﬁrst main cohort development of H. bosniaca
in the ﬁeld. However, H. incongruens needed 81 days at 10 ◦C while
H. bosniaca reached maturity in 63 days at an average tempera-
ture of 9.3 ◦C in pool X6 during the second main cohort growth
period. These differences in developmental rate could be due not
only to species-speciﬁc physiological traits but also to the high vari-
ability of water temperature in the ﬁeld, which can provide short
daily periods with water temperature warmer than the average,
facilitating growth more effectively than the negative effects of
reduced temperatures. Future experiments to evaluate the growth
rate of H. bosniaca under controlled temperatures could clarify this
issue.
In a study on the population dynamics of Heterocypris salina,
Ganning (1971) found that each periodical sample was  dominated
by just one or two instars. H. bosniaca shows a similar pattern,
although there are a few samples dominated by more than two
instars. This can be seen in Fig. 4 during the ﬁrst four samples in
pond X1, where the third and fourth samples show the appearance
of further instars due to new hatching periods. This is a differ-
ence with H. salina,  because in this species second cohorts never
developed as simultaneously as the ﬁrst (Ganning 1971).
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During the 25–27-week study period, H. bosniaca showed a clear
ivoltine life history pattern, similar to that found by Ganning
1971) on H. salina in brackish rockpools, but further minor hatch-
ng events occurred sparsely over the main cohorts’ development
eriods in H. bosniaca, which led to the overlap of different cohorts
the best example can be seen in Fig. 4, which occurs in pond X1
rom de day 2/10/2005). This bivoltine (or broadly multivoltine)
trategy, together with parthenogenesis reproduction, makes H.
osniaca a pioneer r-strategist in the framework of ostracod eco-
ogical life cycles (Ganning 1971; Geiger 1998; Williams 2006), as
s mostly the case of other members of the genus.
Our results on the seasonal dynamics of parthenogenetic popu-
ations of H. bosniaca might not be directly extrapolated to other
eographic areas where bisexual populations are found (Israel,
he Balkans: Petkovski et al. 2000; Martens et al. 2002) as these
ight behave differently. In the geographic parthenogen ostracod
ucypris virens,  Martins et al. (2008) have shown that partheno-
enetic individuals developed equally fast as those from bisexual
opulations, but, on average, parthenogenetic resting eggs hatched
arlier and more synchronously than sexual resting eggs. If H. bosni-
ca followed the same pattern of development as E. virens,  we
hould expect differences in population dynamics if the studied
ools contained sexual populations because this hatching pattern
hould not produce massive blooms of eggs hatching spaced in
ime, but cohorts that overlap more gradually; moreover in each
ample, we might found more variability in the proportions of var-
ous growth instars found. In the future, it would be desirable to
est if this was conﬁrmed in sexual populations in other areas.
Generally, in ostracod life history strategies, diapausing eggs are
he main growth phase considered to be desiccation-resistant, and
uvenile or adult individuals are rarely taken into account (but see
elorme and Donald 1969; Horne 1993). In our experimental study
n desiccation resistance, we conclude (as Horne did in 1993) that
ubstrate water content is a determining factor for the ostracods
uried in the sediment. In addition, not only the total water con-
ent, but also the water loss rate, inﬂuences survival rates. In his
xperiments with Candona patzcuaro,  Horne (1993) observed how
he juvenile individuals buried in the mud  survived for more than
ne year, yet later on these individuals took more than one day to
eave their diapausing state. H. bosniaca individuals seem to sur-
ive a much shorter time, but start swimming a few minutes after
dding water to the substrate. Our ﬁeld data suggest that both the
dults and juveniles of this species can survive in substrate for more
han one month (depending on water loss), while nothing is known
bout longer periods with the free-living ostracod instars of the
ame genus. As we explained in Methods section, we  used only
ndividuals from pond X6 in the experimental study on desiccation
esistance because it contained sufﬁcient substrate, while pond X1
ay  have been negatively affected if we collected the same amount
f substrate. Given its smaller size, pond X1 undergoes more desic-
ation events and, in this sense, can be considered a more stressful
nvironment than pond X6. Consequently, ostracods may  adapt
etter to desiccation and may  present genetic and/or ecological dif-
erences between the two ponds. It would be interesting to test in
he future whether or not there are any differences in the genetic
tructure of both populations, and if these relate to the possible
ifferences in their adaptation to habitat variability.
Diapausing eggs are considered the key propagule stage for
quatic invertebrate dispersal through vectors such as wind
Vanschoenwinkel et al. 2008a)  or vertebrates as they are able
o tolerate adverse conditions and allow the quick coloniza-
ion of new habitats (Zadereev 2007). As we have seen, H.
osniaca juvenile and adult individuals can tolerate certain peri-
ds with no free water available and, therefore, they (and not
nly their eggs) can potentially be transported by vertebrates.
ammals and birds have been observed directly or indirectly / Limnologica 41 (2011) 348– 355
when the studied rockpools have been used for drinking or
bathing purposes (particularly wild boar); therefore, these ani-
mals can act as dispersal vectors among the pools in the area
and in those located further away (Vanschoenwinkel et al.
2008b). Both mammals and birds are known to readily disperse
ostracods over relatively long distances and in signiﬁcant amounts
(Figuerola and Green 2002; Figuerola et al. 2003; Green and Figuerola
2005; Green et al. 2008).
In small temporary aquatic environments, resource limitations
and habitat unpredictability impose strong selection pressures,
leading to impoverished invertebrate fauna composed of highly
specialized small body-sized species (Collinson et al. 1995) that
develop dense populations in the absence of big predator taxa
(Jocque et al. 2010). These include anostracans, cyclopid copepods,
cladocerans and ostracods, among other groups. Many ostracod
species have strategies to survive desiccation in the long term (dia-
pausing eggs). In H. bosniaca, the combination of this long term
strategies, and over short periods (juveniles and adults protected
by a closed carapace), besides parthenogenetic reproduction, quick
eggs hatching and short growth time to complete development,
may  offer ecological advantages to allow the rapid colonization and
monopolization of small temporary water bodies.
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